Two experiments were conducted with growing male rats to determine the effects of 120 ppm of dietary sarsaponin (S) on nitrogen (N) metabolism when urea or protein are added to the diet. Growth, feed efficiency, N digestibility and balance, urinary N and ammonia-N (NH3-N) , and cecal urease and NH3-N were measured. Growth and feed utilization were unaffected by dietary S. Adding urea or protein to the diet increased apparent N digestibility and increased urinary-N excretion. Urea did not affect N balance, whereas growth, feed utilization and N balance were maximized with 22% compared with either 16 or 28% dietary protein. Urinary NH 3-N excretion was decreased by S when urea was added to the diet but was not affected when fed with increasing dietary protein. Cecal urease was decreased by S when urea was added or when the protein level was increased in the diet; effects on cecal NH3-N varied between the two experiments. Plasma urea-N was decreased by S. It is concluded that S has minor effects on N metabolism in rats and that NH 3-N formation or excretion is only marginally affected by dietary S. If S decreases NHz-N level in confinement facilities, it is concluded that the effect is after the waste material is excreted by the animal, perhaps through reduced urease activity. (Key Words: Sarsaponin, Growth, Nitrogen Metabolism, Urease, Rats.)
I ntroduction
Sarsaponin 4 (S) is a naturally occurring, steroidal material obtained from the pressed liquor of certain yucca plants (Yucca schidigera). These steroidal saponin extracts have certain biological properties, including stimulatory effects on anaerobic fermentation (Peakstok, 1979) . Increased ruminal fermentation and feedlot performance of cattle have been reported when S is added to the diet (Goodall and Matsushima, 1978; Goodall, 1979; Grobner et al., 1982; Preston et al., 1985) . Ruminal am-1 Approved for publication by the Dean of College of Agr. Sci. as publication no. T-5--219. 2Supported in part by a grant from Distributors Processing, Inc., Porterville, CA 93257.
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Received October 7, 1986 . Accepted April 2, 1987 monia level was reduced when S was fed to cattle (Gibson et al., 1985) , and ruminal urease activity may be decreased in vitro (Ellenberger et al., 1985) . When S was fed to swine, improvements in gain and feed utilization were observed (Foster, 1983; Brumm et al., 1985) . The optimum level of S for weanling pigs appears to be between 62 to 125 ppm (Cromwell et al., 1985) . Reduced ammonia level in the environmental air and improved rate of gain have been observed (Russell, 1984) when rats were kept in confinement and fed a diet containing 40 ppm S. These observations indicate that S may affect nitrogen (N) metabolism. In particular, it may have a urease-inhibiting effect, thereby decreasing ammonia level in animal waste material.
Therefore, the objectives of this study were to determine the effect of S on protein digestibility, N retention and excretion of ammonia-N (NH3-N) in the urine when rats were fed diets with added urea or protein, and to determine the effect of S on the NH 3-N concentration and urease activity of cecal contents. Over the next 3 d, the rats were continued on their respective diets, anesthesized (ether) and the cecum and testes were removed. The basal diet was a reground, completemixed diet 6 (22% crude protein) to which soybean oil was added (2%). The experimental design was a 2 x 2 factorial with two dietary levels of S (control and 120 ppm) and two dietary levels of urea (control and 1%). Sarsaponin was added to the basal diet as liquid concentrate diluted in water (1% of diet); a similar amount of water was added to the control diet. Crystalline urea (after pulverizing with a mortar and pestle, and sieving through a 32-mesh screen) was added to the basal diet (1% of diet). All diets were thoroughly mixed using a commercial food mixer 7.
Standard urine and fecal coIlection procedures were employed using cages that allowed the separation of urine and feces. Urine was s Sasco, Inc., Omaha, NE. s Purina Rat Chow, St. Louis, MO. 7 Hobart Manufacturing Co., Troy, OH. preserved using 10 ml of 6 N HCI in a lO0-mI volumetric flask placed under each metabolism cage. Feces were collected daily and stored at 4 C in air-tight plastic containers containing a few crystals of thymol. Feces were dried at 55 C and ground. Feed, feces and urine were analyzed for N by the macro-Kjeldahl procedure. Urine samples were diluted 1 to 100 with phosphate-EDTA buffer (pH 7.0) and analyzed for NHa-N (Chaney and Marbach, 1962) .
Cecal contents (groups 1 and 2) were assayed for urease activity as follows: The cecum was removed, weighed and the contents were transferred to 25 ml of buffer (McDougall, 1948) . The empty cecum was weighed and the weight of cecal contents was calculated by difference. Additional buffer was added to give a 1 plus 9 (wt/vol) mixture of cecal contents and buffer. The contents were suspended with vigorous stirring. After allowing the suspension to settle (to facilitate pipetting) for a few minutes at 39 C, dilutions were prepared using buffer to give 1 to 100, 1 to 200 and 1 to 500 dilutions of the original cecal contents; these were maintained at 39 C. Urease activity was assayed immediately on these dilutions using .2 ml of each dilution (in triplicate) placed in 1 ml of a 3% urea in phosphate-EDTA buffer (pH 7.0). After 15 min incubation at 39 C, the reaction was stopped by the addition of .5 ml of 2 N HC1, and NH3-N was determined (Chaney and Marbach, 1962 ) after neutralizing with .5 ml 2 N NaOH. Urease activity was expressed as the regression coefficient between resulting NH 3-N concentration and cecal dilution. Blanks, using 1 ml of the phosphate-EDTA buffer only, were used to determine cecal NH3-N content in a similar way.
Experiment 2. Forty-eight weanling male rats s, from a group of 55, were randomly assigned to six experimental diets within initial weight groups of six rats each. The average initial weight of the rats was 51.6 g (SD=7.1). Procedures for the growth and metabolism trial and the cecal assay procedures were similar to Exp. 1. Plasma urea-N was determined at the end of the experiment using the procedure of Chaney and Marbach (1962) .
The design of this experiment was a 3 • 2 factorial with three levels of dietary protein (16, 22 and 28%) and two dietary levels of S (control and 120 ppm). Diet composition for the three levels of protein is shown in table 1. Sarsaponin was added to these diets as outlined in Exp. 1. All data were analyzed by analysis of variance using the General Linear Models procedure (SAS, 1985) . The model contained urea, S, urea• interaction and group (Exp. 1) and protein level, S, protein level• S interaction and group (Exp. 2) as sources of variation. Leastsquare means were separated by least significant difference.
Results and Discussion
Experiment 1. The growth and feed utilization responses are shown in table 2. The growth period was divided into two parts because, during the first 18 d, rats were allowed to consume feed ad libitum whereas during the last 20 d the rats were somewhat limit-fed and were in the metabolism cages. Overall growth rate was unaffected by either S or urea. Feed intake and utilization were not altered by either dietary variable, although the urea5< S interaction was significant for feed intake during the first 18 d of the experiment. Numerically, rats fed bs=sarsaponin.
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the urea-containing diet were 2.5% less efficient (p= 15). Nitrogen digestibility and retention were unaffected by S (table 3) . Urea addition to the diet increased N digestibility and urinary N (P<.001). Nitrogen retention, expressed as a percentage of absorbed N, was decreased 8% by the addition of urea to the diet but this difference was not significant. Urinary NHa-N was increased when urea was added to the diet (P=.04) and was decreased somewhat by the addition of S to the diet (P=.09).
Cecal weights, urease activity and NH3-N content are shown in table 4. Cecal contents were decreased by dietary urea (P<.005). Cecal weights were unaffected by S. In the assay for cecal urease activity, linear correlations between cecal content dilution and resulting NH 3-N release from urea within rats were high (r>.98). When urea was present in the diet, cecal urease was decreased somewhat by S, but this interaction was not significant. Cecal NH3-N was increased by S (P--.04) but was unaffected by dietary urea. Average weight of the testicles was 3.34 g (SE=.ll) and was unaffected by either treatmeat.
Experiment 2. The growth and feed utilization responses are shown in table 5. Overall growth rate was increased by increasing the protein level from 16 to 22% (P=.002), but was decreased when the protein level was increased to 28% (P=.04). The addition of S did not alter growth rate. Feed intake was not affected (P>.25) by either dietary variable. Rats fed the 22% protein diet were 5% more efficient than rats fed the 16% protein diet (P=.04). The protein• interaction (P=.03) indicates an improvement (5%) in feed efficiency when S is added to the 16% protein diet and a decrease (6%) when added to the 28% protein diet.
Results from the N balance study are shown in table 6. Protein level affected (P<.01) all digestion and N balance criteria, as expected, whereas S did not affect these criteria (P>.25). The 22% protein level improved N balance over the 16% protein level (P=.O04); surprisingly, N balance was decreased (P=.03) with the 28% protein level. Protein level did not affect the daily amount of urinary NH3-N but when expressed as a percentage of total urinary N, increasing protein level decreased urinary NH3-N (P--.001); S tended to decrease the percentage of urinary NH3-N on the 16% protein level (P=.09). Plasma urea-N was increased with increasing protein level (P=.001); S decreased plasma urea-N on all levels of protein (P=.05).
Cecal weights, urease activity and NH3-N content are shown in table 7. Increasing protein level increased the full, empty and content weight of the cecum (P--.002); S tended to increase the empty weight of the cecum (P=.10). Increasing dietary protein level decreased cecal urease activity (P=.003). At the 16% protein level, S increased cecal urease but it decreased cecal urease activity at the 22 and 28% protein levels; this interaction was significant. Cecal NH 3-N was not affected by either protein level or S.
Average liver weight was increased with the 22% protein level (9.5 vs 10.6 g; P=.01) but was not further increased by with the 28% protein level (10.4 g); S did not affect liver weight.
Discussion
In this study, dietary S (120 ppm) did not affect growth, feed utilization, N digestibility or balance, cecal weight (full or empty), testicle or liver weights in rats. Cecal urease activity tended to be decreased by S when urea was added to the diet (Exp. 1) and significantly so when higher protein levels were fed (Exp. 2); however, with the control diet (Exp. 1) and the 16% protein level (Exp. 2), cecal urease levels were slightly higher when S was fed. Cecal bsfsarsaponin.
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NH3-N was increased with S only in Exp. 1. The decreasing effect of S on plasma urea-N is interesting but difficult to explain. Adding urea or increasing the protein level of the diets of rats had predictable results, namely increasing N digestibility and urinary N while decreasing the percentage retention of absorbed N. Growth and feed utilization were not altered by the addition of urea to a diet adequate in protein (22%). Growth, feed utilization and N balance were maximized (Exp. 2) by feeding a diet containing 22% protein, compared with either 16 or 28% protein.
If S decreases the ammonia level in confinement facilities, these data suggest that the effect occurs after waste material is excreted by the animal, because only minor changes were observed in N metabolism and excretion. Decreases in cecal urease activity, at least on higher dietary protein levels, may give rise to lower urease activity in animal waste, thereby lowering ammonia release. If waste accumulates in confinement facilities, ammonia levels may thereby be reduced.
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